With the rapid economic development, China is experiencing increased land contamination and lead poisoning problem in recent years, which is no longer restricted to isolated incidents and locations. There is an urgent need to remediate the lead contaminated soils to protect the public's health. However, contaminated land remediation and determination of remediation target value has been neglected for years. In order to accommodate uncertainties within the conservative point estimation of remediation target value for lead contaminated soils, Monte Carlo simulation technique is integrated into the traditional calculation model from a probabilistic perspective. Risk-based remediation target values for lead contaminated soils of different land use types (including school/hospital, residential, business and industrial use) are developed preliminarily. Furthermore, this study highlights the necessity to determine the remediation target value on the basis of actual (i.e. site-specific) risks to humans and, besides, actual risks due to contaminant migration.
Introduction
Lead persists in the environment in lead paint, old plumbing and contaminated soil. And lead poisoning is an environmental and public health hazard on a global scale [1] . The health effects of lead exposure include developmental neurotoxicity, reproductive dysfunction and toxicity to the kidneys, endocrine and blood systems [2, 3] . Children are more vulnerable to lead poisoning than adults because they breathe air closer to the ground, where lead concentrates, and they also are more likely to put lead-contaminated objects in their mouths [4] . It has been demonstrated that blood lead (PbB) levels of 10-15 micrograms/dL in newborn and very young infants result in cognitive and behavioral deficits [5] .
In China, due to large-scale production, consumption and lack of regulations, lead is emitted into the environment in large quantities through wastewater irrigation, solid waste disposal and sludge application. As a result, lead is present in the environment continuously [6] , especially in soil, which could act as a reservoir for lead pollution over the years. Previous studies have founded serious lead pollution in soil in the vicinity of mining and smelting factory [7, 8] , electronic waste recycling site [9] , lead-acid battery factory [10] and coal-fired power plant [11] . Since 2005, health related incidents caused by lead pollution in soil have raised sharply in China, which occurred in Fengxiang County in Shanxi Province, Dafeng County in Jiangsu Province, Jiyuan County in Henan Province and Heyuan County in Guangdong Province. Moreover, it is suggested that children's BLLs in China are higher than those of their counterparts in other countries due to its heavy lead pollution [12] . Public concern is growing over the accumulation of lead in soil. Therefore, remediation of lead contaminated soils is of great public health importance.
Over the past decade, soil contamination has emerged as a key environmental issue, not only in China, but worldwide. The development of remediation programs has evolved rapidly, and almost all have been initiated during the 1980s [13] . One of the first published sets of generic guidelines was the "Multimedia Environmental Goals" developed for the USEPA in the 1970s. However, the values were based largely on professional judgment. In these years, remediation guidelines have been produced by considering routes of exposure, effects on human health, effects on human use of the land, and influence on the rest of the environment. These soil guidelines specify one or more threshold concentrations, which if exceeded, indicate the possibility of adverse effects occurring [14] . Quantitative risk assessments have been conducted at more than 70% of the US Superfund sites [13] . In the framework of the Dutch Soil Protection Act, Target and Intervention Value have been developed based on potential risks to humans and ecosystems in Netherlands [15] .
To date, little research on remediation target value for contaminated soils in China has been conducted. Guidelines for Risk Assessment of Contaminated Sites (draft for discussing) just propose a procedure to determine the remediation target value for contaminated soils based on conservative point estimation of health risk. However, risk assessment is becoming increasingly complex. There are many sources of variation, including quantification of potential exposure pathways, choice of calculation model and parameter values, definition of the level of "acceptable" risk, and variation in the way the overall method is applied. Neglecting such uncertainties may result in missing information and, thus, impractical decision support with regard to soil remediation. The aim of this study is: 1) to propose a procedure to determine the remediation target value for contaminated soils by integrating risk assessment model and Monte Carlo simulation technologies. 2) to develop the risk-based remediation target value for different use types of lead contaminated soils from a probabilistic perspective.
Materials and Methods

Model of Remediation Target Value Calculation.
Exposure varies depending on an individual's lifestyle. As to heavy metal contaminated soils, ingestion and dermal contact of soil contribute to the overall daily intake of heavy metal contaminants mainly [7] .
Exposure analysis is the process of estimating the intensity, frequency and duration of human exposures to an agent currently present in the environment or of the estimating hypothetical exposure that may arise from the release of new chemicals into the environment [16] . The equation for calculating the contaminant intake dose through ingestion is as follows:
where CDI I is the chronic daily intake from soil ingestion (mg kg -1 day -1 ), C is the lead concentration in soil (mg kg -1 ), and SIR is the ingestion rate of soil (mg day -1 ), EF is the exposure frequency (day per year), ED is the exposure duration (year), BW is the body weight (kg), AT is the time period over which the dose is averaged (day). For non-carcinogen effect cause by lead ingestion, AT=ED.
The equation for calculating the contaminant intake dose through dermal contact is as follows:
where CDI D is the chronic daily intake from dermal absorption (mg kg -1 day -1 ), SA is the exposed skin surface area (cm 2 ), AF is the adherence factor (mg cm -2 day -1 ), and ABS is the dermal absorption factor.
Health hazards are usually characterized by the hazard quotient (HQ). It is defined as the quotient of the chronic daily intake divided by the toxicity threshold value, which is referred to as the reference dose (RfD) of lead [17] .
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where RfD is the chronic reference dose for lead (mg kg -1 day -1 ). The aim of soil remediation is to protect human health, thus the generic soil remediation target value should be derived on condition that the value of HQ is less than 1. Then the model of remediation target value calculation can be derived from Eq. (1), (2) and (3).
Monte Carlo Simulation. Monte Carlo simulation is one of the most commonly used methods to accommodate uncertainties associated with risk-related problems [18] . This technique provides a quantitative way to estimate the probability distributions for exposure and health risks within the validity of the assessment model [19] . It provides more information for making decisions related to health protection and has been recognized as an important tool of quantifying variability and uncertainty in risk assessments by USEPA [20] . The widespread use of Monte Carlo simulation techniques in health and environmental risk assessment promises significant improvements [21] . In order to accommodate uncertainties within the conservative point estimation of remediation target value for lead contaminated soils, Monte Carlo simulation technique is integrated into the calculation model. The first step requires probability distributions of each parameter in the model. Parameters and their probability distributions used were listed in Table 1 . In this study, both child and adult are considered in the model to reveal the potential differences of remediation target values. Additionally, Monte Carlo technique is used to obtain an empirical distribution of remediation target value from the probability distributions of the input parameters by repeated sampling and computing based on the calculation model. This simulation was conducted by using professional software (@risk 5.7, Palisade Corporation). The simulation was run for 10,000 iterations. Then different percentiles of remediation target values for lead contaminated soils can be derived from the simulation results. 
Results and Discussion
The remediation target values of child and adult calculated by using average values of parameters in Eq. (4) are 57.2 and 71.0 mg/kg, respectively. This implies that remediation target value calculated in terms of child exposure scenario is stricter than that calculated in terms of adult exposure scenario. Because child is more vulnerable to lead contaminated soils, it requires more resource input to remediate the soils when they are planned to use by children. However, the Monte Carlo simulation results of remediation target values ( Table 2) show that there is no marked difference between remediation target values protecting for child and adult. The minim remediation target values (5% percentile) for protecting child and adult are 24.5 and 24.7 mg/kg, respectively. Similarly, the maximum remediation target values (95% percentile) for protecting child and adult are 218.7 and 213.5 mg/kg, respectively. This result reflects that repeated sampling and computing based on Monte Carlo simulation reduce the difference of remediation target value for different age groups (i.e. child and adult). Based on repeated Monte Carlo sampling and computing results, cumulative probability of remediation target value for child and adult are presented in Fig. 1 and Fig. 2 , respectively. The mean values of remediation target for lead contaminated soils for child and adult are 114.5 and 110.9 mg/kg, respectively, and are higher than the point estimation values (57.2 and 71 mg/kg). Moreover, the median values of remediation target for lead contaminated soils for child and adult achieve 98.1 and 88.1 mg/kg, respectively, and correspond closely to the point estimation values. However, in probabilistic perspective, if lead contaminated soils are remediated according to the median target value, the possibility of potential health risk is still as high as 50 percent. As to point estimation value,
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Selected Proceedings of the Eighth International Conference on Waste Management and Technology if lead contaminated soils are remediated base on the value of 57.2 mg/kg (point estimation value calculated for child), the possibility of potential health risk for child is 26.1%. Furthermore, if lead contaminated soils are remediated base on 71.0 mg/kg (point estimation value calculated for adult), the possibility of potential health risk for adult is 38.1%. In other words, it is not safe enough to remediate lead contaminated soils base on point estimation. It is necessary to determine remediation target value for lead contaminated soils based on the cumulative probability of Monte Carlo simulation results and the corresponding risk acceptable level. Recommended remediation target value of lead contaminated soils is closely linked with the planned land use type. In this study, recommended land use is classified into four types, including school / hospital use, residential use, business us and industrial use (listed in Table 3 ). School / hospital use is the most sensitive land use type. Correspondingly, in order to protect sensitive human groups (i.e. children and patients), the remediation target value of lead contaminated soils is recommended to be 24.7 mg/kg. This recommended value corresponds with the 5 percentile of the Monte Carlo simulation results, and may ensure the environmental safety of the contaminated land with a possibility of 95 percent. It numerically approximates to the natural background standard of soil set by Ministry of Environmental Protection of China in 1995 (35 mg/kg) [30] . As to residential use, the remediation target value is recommended to be 52.4 mg/kg, which will ensure residents' environmental safety with a possibility of 75 percent. With regard to business use, because of less human exposure frequency and duration, the remediation target value could be relaxed to 88.1 mg/kg. As to industrial use, because workers' acceptable level of occupational exposure is relatively higher, the corresponding remediation target value is recommended to be 142.3 mg/kg. This value is close to the A grade standard of soil used for exhibition sites (140 mg/kg) set by Ministry of Environmental Protection of China in 2007 [31] . If contaminated land is used with quite few human exposures, like road, it could be remediated by using 95 percentile of the Monte Carlo simulation results as remediation target. 
Conclusion
With the aim to accommodate the uncertainties in the former calculation model of remediation target value of contaminated soils, this study proposes a procedure to determine the remediation target value by integrating risk assessment model and Monte Carlo simulation technologies from a probabilistic perspective. Study results imply that it is not safe enough to remediate lead contaminated soils base on point estimation. It is necessary to determine remediation target value for lead contaminated soils based on the cumulative probability of Monte Carlo simulation results and the corresponding risk acceptable level. Furthermore, the risk-based remediation target values for lead contaminated soils of different land use types are developed preliminarily. However, there are still some deficiencies in this preliminary study. Firstly, the calculation model is constructed on theoretical model of human exposure, which may be different from the actual situations obviously. Nowadays, the development of site-specific guidelines is broadly advocated. It is better to establish standardized procedures to determine site specific guidelines in the future. Secondly, because standard setting is quite complex, besides scientific requirement, economic and political issues should also be considered. More research and work are needed in the future to determine reasonable and feasible remediation target value for lead contaminated soils.
